METHODS
Search for primary studies. We performed a systematic review and meta-analysis using methods of the Cochrane Collaboration (3) . We searched electronic databases for articles published between 1980 to November 2002 (MEDLINE, EMBASE, SCIENCE CITATION INDEX, AIDSLINE, CINAHL, HEALTHSTAR, PSYCHLIT, SO-CIOFILE, SCI, SSCI, ERIC, DAI, and Cochrane Collaborative Review Group databases) using subject headings such as HIV, HIV infections, and exercise. We also reviewed abstracts from international and national AIDS conferences, searched reference lists from pertinent articles and books, made personal contact with authors, and hand searched targeted joumals to identify potential studies for inclusion. All languages were included.
Selection of studies and abstraction of data. Titles and abstracts of all citations were reviewed independently by two reviewers to identify studies which met the following four inclusion criteria and included: 1) human participants who were HIV positive, 2) participants 18 yr of age or older, 3) an aerobic exercise intervention performed at least three times per week for at least 4 wk, and 4) a randomized comparison group. Two reviewers reviewed hard copies of an entire paper independently if one or both raters believed a study met eligibility criteria. Three of four possible reviewers examined full text to determine final inclusion. Disagreements were resolved through discussion and consensus.
Two reviewers (out of eight possible reviewers) abstracted relevant data from included studies onto standard data abstraction forms. Methodological quality of the studies was assessed using criteria developed by Jadad et al. (5) . We also assessed whether the groups were similar at baseline. Our outcome measures included immunological/virological indicators (CD4 count, viral load), cardiopulmonary measures (VO2max), psychological measures, and adverse events including death.
Data analysis. We used RevMan (Version 4.1) software to perform statistical analyses. Where there were sufficient data available from the authors, and comparisons made practical sense, and in the absence of statistical heterogeneity (P < 0.05), meta-analyses were performed. For continuous variables, we used random effects models to calculate the weighted mean difference (WMD) and 95% confidence intervals. None of the outcomes were dichotomous variables.
Subgroups identified for separate analyses included: interval versus constant aerobic exercise and moderate versus heavy intensity aerobic exercise.
For the purposes of this review, we considered 50 cells-nm- 3 to indicate a clinically important change in CD4 count, 0.5 loglO copies to indicate a clinically important change in viral load, and 2 mL.kg'-min-1 to indicate a clinically important change in VO2max. These values were based on extensive consultation with the clinical and research community, and are consistent with values used in 1660 Official Journal of the American College of Sports Medicine previous literature (8, 17, 18) . We considered a P value of less than 0.05 as statistically significant.
RESULTS
Trial characteristics. Searches of all sources retrieved a total of 1187 citations, 30 of which were judged to merit scrutiny of the full article and 12 of which met the inclusion criteria (1, 4, 6, 7, (9) (10) (11) (12) (13) (14) (15) (16) . Of the included studies, there were two groups of citations identified as being duplicate studies (LaPerriere et al. (6, 7) and Lox et al. (9, 10) . In these instances, the earlier published study was included in the review, and any additional outcomes reported in the later studies were also incorporated into the review. Thus, there were a total of 10 studies that met inclusion criteria (1, 4, 6, 9, (11) (12) (13) (14) (15) (16) . Table 1 presents summary data from the 10 randomized trials eligible for this systematic review. Of the 10 studies, seven included a nonexercising control group (1, 4, 6, 9, 12, 14, 15) . One of the studies included two additional study groups: exercise plus injection of 200 mg of testosterone enanthate per week, and a testosterone only group (4), which were not included in our analysis. One study included a nonexercising counseling group (exercise vs counseling group) (13) , one study included a progressive resistive exercise (PRE) group (9), and two studies had comparison groups that compared heavy with moderate exercise (11, 16) . The studies included HIV-infected adults in various disease stages with CD4 counts ranging from less than 100 to greater than 1000 cells-mm 3 . Studies included both men and women, although women made up less than 15% of the total number of participants. The age of the participants ranged from 18 to 58 yr. Two studies included participants who were on HAART (72% of participants in Grinspoon et al. (4) , and 23% of participants in Smith et al. (14) ), five studies included participants who were not on HAART; however, most, if not all, participants were taking some form of antiretroviral therapy (ART) (1, 9, 11, 12, 15) , and three studies did not report on whether participants were taking ART (6, 13, 16) . Training intensities of participants in individual studies were reported in % HRmax (1, 4, 6, 12, 16) , % heart rate reserve (9,13), % maximal oxygen uptake (CV 2 max) (11, 14) , % lactic acid threshold (LAT), and % difference between LAT and VO 2 max (15) . The way in which training intensities were established varied among individual studies and included submaximal testing (6,13,1 1), graded exercise testing (12, 14) , maximal exercise testing (1, 15, 16) , and intensities prescribed based on the Karvonen formula and the American College of Sports Medicine guidelines (4, 9) . Other personal characteristics were reported inconsistently across studies.
Quality assessment of studi6s. Table 2 provides details of the assessment of quality. Only three studies described the randomization process and only two reported on blinding. Withdrawals and drop-outs were described in nine studies but drop-out rates were high, with six studies reporting drop-out rates greater than 20% and two studies greater than 50%. 3 , which represents a possible clinically important increase in CD4 count. There was no difference in CD4 count in the moderate intensity aerobic exercise group compared with the heavy-intensity exercise group (weighted mean difference: -34, 95% CI: -156, 89, N = 39) and no difference in CD4 count for participants in combined aerobic and progressive resistive exercise group compared with nonexercising control group (weighted mean difference: 6 cells-mm-3 , 95% CI: -71, 83, N = 46). Meta-analysis of three studies demonstrated no difference in viral load for participants in the exercise intervention groups compared with the nonexercising control group (weighted mean difference: 0.40 loglO copies, 95% CI: -0.28, 1.07, N = 63) (Fig. 1) .
Cardiopulmonary measures. Nine studies measured cardiopulmonary status (1,6,9,11-16). Significant improvements were found among individual trials of aerobic exercisers when compared with nonexercising controls, but meta-analysis could only be performed using VO2max due to varying outcomes reported. Table 3 contains a description of cardiopulmonary status results for individual studies.
Seven studies assessed VO 2 max as an outcome (1, 6, 9, 11, 12, 14, 15) . Three meta-analyses were performed (Fig. 2) , showing nonsignificant improvement in VO 2 max of 1.84 mL-kg-t.min-t (95% CI: -0.53, 4.20, N = 179) for participants in the aerobic exercise intervention group compared with nonexercising control group, nonsignificant improvement in VO 2 max of 1.56 mL.kg-'.min 5 .82, N = 24) for participants in the heavy-intensity aerobic exercise group compared with participants in the moderateintensity exercise group. This finding reached clinical importance but not statistical significance.
Psychological measures. Meta-analysis was not possible for psychological status due to the breadth of outcomes used. Results of psychological measures of individual studies (Table 3) show improvement in anxiety and depression (6), general health (11), mood and life satisfaction (10) , and quality of life (1,15) among those in the exercise intervention groups. In one study, exercise was not associated with change in depression (16) .
Safety measures. The only death reported was in Rigsby et al. (13) . This death was not attributed to aerobic exercise. No other adverse events such as sports injury, hospitalization or disease progression were reported.
DISCUSSION
We could not confirm an overall effect of aerobic exercise on CD4, viral load, or VO2m,x, either in individual studies or in meta-analysis. Despite statistical nonsignificance, results demonstrated the possibility of clinically important improvements in VO2max among exercisers compared with nonexercising controls, and greater improvements in VO2max among individuals exercising at heavy versus moderate intensity. Eight of the nine individual studies that measured cardiopulmonary status demonstrated statistically significant improvements in various cardiopulmonary parameters among exercisers. The fact that results did not reach statistical significance may have been due to a lack of statistical power to detect a difference secondary to small sample sizes, or inadequate intensity, duration, and mode of exercise prescribed within the individual studies. The five studies that measured psychological status among an exercise versus control group found statistically significant improvements in psychological parameters for the exercise intervention groups compared with the nonexercising control groups.
Results of this review indicate that aerobic exercise for adults living with HIV appears to be safe. This finding is based on the absence of reports of adverse events among http://www.acsm-msse.org CD4 count (cells-mmr )(a-e) exercisers. The stability of immunological and virological measures during regular aerobic exercise can also be seen as evidence for the safety of this intervention. These results are based on those participants who completed the exercise programs and for those where there was adequate follow-up data. Potential limitations and direction of future research. The results of this systematic review should be interpreted cautiously for a variety of reasons. First, this review is based on a small number of trials. Furthermore, the trials included in this review involved relatively small numbers of participants, a variety of exercise interventions, and generally poor participant compliance with these interventions. The ability to perform meta-analyses was limited due to the breadth of outcome measures used in the trials. As a result, meta-analyses were underpowered to detect improvements in CD4 count and cardiopulmonary fitness that were of potential clinical importance. Additionally, publication bias may have occurred in this review if trials with negative results were suppressed in the published literature, leaving mostly small, but positive studies to include in the review. It should also be emphasized that the exercise groups were fraught with high drop-out rates, and that for the most part, participants who dropped out of the exercise program were not included in the final results. This limited comparability of the remaining exercisers with nonexercising controls, which raises issues of effectiveness and safety of exercise among those who stop exercising. Future studies should make every effort to include all subjects in an intentto-treat analysis with complete follow-up and reporting of results for those who drop out of exercise programs. Furthermore, training intensities were estimated using maximal EFFECT OF AEROBIC EXERCISE AND HIV/AIDS WMD, weighted mean difference; Cl, confidence interval: sd, standard testing in only three of the included studies. As a result, VO2m,,, might have been underestimated in other studies that used alternative methods (e.g. submaximal testing) to estimate their training intensities. This could have resulted in an overestimation of training intensities in these studies.
The vast majority of study participants were male and between the ages of 18 and 58. As such, findings should be interpreted cautiously with respect to females and/or people living with HIV/AIDS who are children, young adults, or older adults. Additional high-quality studies are required to further investigate the effects of aerobic exercise in adults at varying stages of BIVAIDS, particularly those who are severely immunocompromised. The long-term effects of exercise also require attention. All studies were conducted for 12 wk or less, except for one 24-wk study. Further research should also explore the different effects of interval versus constant exercise, as well as aerobic exercise in conjunction with other exercise modalities. The purpose of this systematic review was to investigate the effects of aerobic exercise; however, future reviews should also explore the effects of progressive resistive exercise in this population. resistance exercise for at least 20 min three times per week for at least 4 wk may be beneficial and appears to be safe for adults living with HIV/AIDS. Results from the meta-analyses indicate that immunological and virological measures appear to be unaffected by aerobic exercise, a finding that should reassure those contemplating starting an exercise program. We found strong trends toward improved cardiopulmonary fitness and improved psychological health among those exercising, suggesting that adults living with HIV can expect to experience many of the well-established benefits of aerobic exercise. Given the lack of information on participants who dropped out of exercise, those exercising should be closely followed for changes in clinical status, especially in more advanced stages of immunosuppression. Furthermore, results should be interpreted cautiously due to the small sample sizes and large withdrawal rates within the individual studies.
CONCLUSION

